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The  Determination  of  Cadraium  in  Zinc  Concentrates. 

The  principal  ore  of  cadmium  is  Crreenockite  (CdS).  It 
crystalizes  in  hexagonal  crystals  and  varies  in  color  from 
yellow  to  orange-red.     This  mineral,  however,  is  very  rare  and 
of  no  commercial  importance.     The  cadmium  of  commerce  is  ob- 
tained from  the  small  amounts  that  occur  in  the  ores  of  other 
metals  especially  those  of  mercury,  aluminium,  and  zinc.  The 
principal  source  is  the  low  percent  of  sulphide  occuring  with 
zinc  "blende  (sphalerite)  especially  with  the  UDper  Slesian. 
The  amounts  of  cadmium  so  occuring  are  very  small,  scs,rsely 
ever  rising  above  and  generally  falling  below  .20*^, 

Until  recently  these  small  amounts  appearing  in  the  zinc 
ores  have  passed  without  any  objection  on  the  part  of  the  zinc 
smelters.    Especially  was  this  so  because  of  the  fact  that  a 
very  large  amount  of  the  cadmium  is  removed  during  the  process 
of  roasting  and  distilling  the  zinc,  sometimes  as  much  as  .6?*^ 
being  removed. 

In  roasting  the  blende  the  cadmium  sulphide  is  oxidized 
together  with  the  zinc,  and  either  because  cadmium  oxide  is 
volatile  at  the  temperature  that  prevails  in  the  roasting  fur- 
nace, or  because  of  the  reduction  of  the  oxide  by  the  carbon 
and  unburned  carbon  monoxide  in  the  gases  of  combustion  and 
the  volatization  of  the  metal  so  formed,  large  amounts  of  it 
are  carried  off  and  deposited  in  the  flues.     The  cadmium  oxide 
remaining  in  the  roasted  ore  is  reduced  in  the  retorts  of  the 
distillation  furnace  by  the  carbon  and  carbon  monoxide.  The 
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cadmium,  however,  distills  over  "before  the  zinc  and  turns  et 
the  noses  of  the  condensers  with  a  characteristic  brown  flame 
before  the  blueish-green  flame  of  the  zinc  a?)pears.     Not  all  of 
the  cadmium,  however,  is  removed  during  these  processes. 

The  small  amounts  of  cadmium  found  ir  spelter  are  not  es- 
pecially detrimental  except  when  the  product  is  to  be  made  into 
zinc  white;     in  this  case  the  effect  is  to  discolor  the  pigment. 
Cadmium  also  has  a  tendency  to  produce  hard  zinc.     On  this  ac- 
count the  managers  of  the  smelters  have,  during  the  last  few 
years,  begun  to  object  to  the  presence  of  cadmium  in  the  zinc 
concentrates.     This  necessitates  the  determination  of  the  metal 
at  the  same  time  that  the  usual  assay  for  zinc,  iron,  and  lead 
is  run.     It  is  desirable,  therefore,  that  there  be  a  rapid  and 
yet  accurate  method  suited  to  the  special  conditions  of  the 
case  for  use  in  the  commercial  l8.boratories.     It  is  the  object 
of  this  investigation  to  devise  such  a  method.. 

The  determination  of  cadmiuin,  under  ordinary  conditions, 
is  not  a  very  difficult  task.     The  most  common  methods  are  to 
determine  it  as  the  oxide,  sulphate,  or  sulphide  or  to  Dre- 
cipitate  it  as  th'^:  oxalate  and  after  decomposition  of  the  pre- 
cipitate titrate  the  acid  with  permanganate.  Electrolytic 
deposition  from  solutions  of  various  natures  is  also  often 
employed. 

The  determination'.in  this  case,  however,  involves  a  sep- 
aration of  the  metal  from  zinc  and  copper  in  a  solution  con- 
taining iron  and  often  lead.     The  principal  source  of  trouble 
lies  in  the  fact  that  there  is  about  60"^  of  zinc  present  and 
only  a  very  few  tenths  of  a  percent  of  cadmium. 


The  first  thing  done  was  to  look  over  the  standard  methods 
for  the  separation  of  the  metals  found  in  the  solution.  The 

common  methods  for  the  separation  of  zinc  and  cadmium  are  

An  electrolytic  separation  in  a  potassium  oxolate  or  ammonium 
oxcxlate  solution.     The  difference  in  the  solubility  of  the  siil - 
phides  is  often  made  use  of,  the  cadmium  sulphide  coming  down 
in  an  acid  solution,  while  the  zinc  salt  will  not.  Mother 
common  methods  is  to  add  an  excess  of  tartaric  acid  to  a  solu- 
tion containing  the  metals,  then  a  strong  solution  of  potas- 
sium hydroxide  to  alkalinity,     dilute  considerably  and  boil 
several  hours  when  the  cadmi\jm  will  come  down  but  not  the  zinc. 

The  usual  methods  for  the  separation  of  cadmium  and  cop- 
per are  as  follows  The  method  of  ^^Vohler,     which  provides 

for  a  solution  of  the  sulphides  in  hydrochloric  scid;  to 
this  is  added  an  excess  of  potassiumx  hydroxide.     The  precipi- 
tate is  dissolved  in  hydrocyanic  acid,  e  solution  of  the  double 
cyanides  being  formed  from  which  hydrogen  sulphide  will  pre- 
cipitate the  cadmium  but  not  the  copper.     A  method  similar  to 
thst  for  the  separation  from  zinc,  by  boiling  for  several 
hours  a  solution  made  alkaline  with  potassium  hydroxide  and 
containing  an  excess  of  tartaric  acid,  is  often  used.  An 
electrolytic  separation  is  often  employed,  and  sometimes  the 
precipitation  of  copper  by  sulphocyanide  after  reduction  with 
sulphurous  acid. 

None  of  the  above  methods  were  applicable  to  the  special 
conditions  of  the  problem  in  hand  as  can  be  readily  seen. 
Various  modifications  of  some  of  them  were  made  use  of,  how- 
ever, as  will  be  shown  later; 
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The  method  often  used  in  the  districts  producing  cadmium 
bearing  zinc  ore  consists,  after  removing  the  iron,  of  re-N^ 
peated  precipitation  with  hydrogen  sulphide  in  about  a  five 
percent  sulphuric  acid  solution.     This  method,  however,  takes 
no  considerarion  of  the  copper  and  lead  which  frequently  occur 
in  such  ores,     "here  is  also  Tiuch  difference  of  opinion  as  to 
the  number  of  precipitations  necessary  for  a  complete  separa- 
tion of  the  zinc  and  cadmium,  and  also  as  to  the  concentration 
of  the  acid  solution  to  be  used.     The  first  experiments,  there- 
fore, were  directed  towards  the  finding  out  of  what  strength 
of  acid  solution  is  best  fitted  for  the  precipitation  of  th© 
sulphides  and  also  the  amount  of  zinc  carried  down  by  the  suc- 
cessive precipitates. 

Ten  gram  samples  of  zinc  concentrate,  ground  to  pass  an 
eighty  mesh  sieve,  were  used.    The  sample  was  treated  in  a  cas- 
serole with  about  twenty  c.c.  of  concentrated  nitric  acid  and 
five  of  strong  hydrochloric.     After  the  action  had  subsided 
the  sample  was  boiled  down  to  a  small  volume  when  about  ten  c.c. 
of  concentrated  sulphuric  acid  were  added  and  the  evaporation 
continued  till  dense  white  fumes  were  given  off.     A  consider- 
able quantity  of  water  was  then  added  and  the  contents  broug''-:t 
to  a  boil.     After  standing  a  few  minutes  the  supernatant  liquid 
was  decanted  through  a  filter  and  the  residue  treated  with  a  s 
small  amount  of  acid  to  insure  complete  decomposition.  The 
evaporation  with  sulphuric  acid  was  repeated,  only  a  small 
amount  being  necessary  this  time  of  course.     The  residue  was 
washed  several  times  by  decantation  and  then  again  thououghly 
on  the  filter. 


The  filtrate  was  neutralized  with  ammonium  hydroxide  and 
the  ferric  hydroxide  filtered  off.     Enough  excess  of  ammonium 
hydroxide  must  be  added  to  dissolve  the  zinc  hydroxide  which 
at  first  precipitates.     The  precipiate  was  dissolved  and 
reprecipitated  to  free  it  from  occluded  material.     The  filtrate 
was  then  neutralized  exactly  and  made  up  to  the  desired  acidity 
with  sulphuric  acid.     The  hydrogen  sulphide  was  then  passed 
through  this  solution. 

A  series  of  teste  showed  that  in  a  four  to  six  percent 
sulphuric  acid  solution  the  precipitation  was  raDid  and  entire- 
ly satisfactory  and  that  only  a  small  amount  of  zinc  was  pre- 
cipitated, (.  351        being  the  average,  even  when  the  concentrate 
contained  as  much  as  sixty  percent  zinc.     On  the  other  hand 
the  precipitation  in  a  solution  containing  eight  to  ten  per- 
cent sulphuric  acid  was  slow  and  not  satisfactory.     It  would 
appear  then  from  these  results  that  shout  a  five  Dercent  acid 
solution  is  best  fitted  for  the  precipitation. 

The  precipitates  were  dissolved  in  acid,  the  solutions 
brought  to  the  proper  acidity,  and  the  precipitation  repeated. 
A  series  of  such  tests  showed  that  even  in  the  third  precipi- 
tation the  precipitate  carries  as  much  as  ,0^8  'f:  of  zinc  on 
an  average  when  the  precipitation  was  carried  on  in  a  five  per- 
cent acid  solution,     this  shows  that  it  is  impossible  or  at 
least  impracticable  to  free  the  cadmium  absolutely  from  zinc 
by  repeated  precipitation. 

The  separation  of  iron  from  the  filtrate  by  precipitation 
with  ammonium  hydroxide  was  a  tedious  task  due  to  the  bulk 
of  the  precipitate.     Some  test  samples  were  run  as  before  exce-n 
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that  the  precipitation  with  hydrogen  sulphide  was  made  without 
removing  the  iron.     The  precipitates  were  then  analysed  far 
iron  and  found  to  contain  only  from  ,01  to  .nr>  «f.  of  ferric 
oxide.     This  change  shortened  the  process  so  much  that  it  was 
used  in  the  remainder  of  the  experiments.     Account  had  there- 
fore to  be  taken  of  the  iron,  small  in  amount  though  iy  was. 

Since  cadmium  will  precipitate  as  the  sulphide  from  a 
solution  containing  potassium  cyanide  and  zinc  will  not,  an 
effort  was  made  to  accomplish  the  separation  by  this  means. 
It  was  found,  however,   that  under  these  conditions  the  precip- 
itation was  slow  and  the  precipitate  very  finely  divided  so 
that  some  time  had  to  be  allo-ed  for  it  to  settle.  Another 
objection  to  this  method  was  that  it  did  not  take  account  of 
any  small  quantities  of  lead  that  might  be  dissolved  by  wash- 
ing the  residue  left  upon  decomposition  of  the  sample  and 
subsequent  boiling  down  with  sulphuric  acid.     On  this  account 
and  also  because  cyanide  solutions  are  very  dissagreeable  to 
work  with  this  method  was  abandoned. 

A  separation  by  means  of  alkali  hydroxide  was  next  tried. 
Zinc  is  readily  precipitated  by  sodium  hydroxide  and  the  pre- 
cipitate dissolves  in  an  excess  forming  sodium  zinckate. 
Copper  also  forms  a  double  salt  in  an  excess  of  sodium  hydrox- 
ide, as  does  also  lead.     It  was  found  that  copper  hydroxide  di s 
solves  much  more  readily  when  an  alkali  tartrate  is  present. 
This  method  then  accounts  for  all  the  metals  present  except 
iron.     A  series  of  +ests  showed  that  in  the  presence  of  an  ex- 
cess of  tartrate  neither  the  ferric  nor  the  ferrous  hydroxide 
will  come  down  with  sodium  hydroxide  even  on  boiling.  This 
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method  of  proceedure  then  fulfills  all  the  requirements. 

Since  by  precipitation  with  hydrogen  sulphide  in  a  4-5'^ 
sulphuric  acid  solution  all  but  a  small  part  of  the  zinc  and 
iron  can  "be  removed,  it  was  considered  more  advisable  to  make 
the  first  precipitation  under  these  conditions  rather  than  to 
attempt  a  complete  separation  with  sodium  hydroxide  in  the 
large  volume  of  the  original  solution.    The  proceedure  then  was 
as  follows. 

A  ten  gram  sample  was  decomposed  with  hydrochloric  and 
nitri?  acids  as  stated  above  and  then  evaporated  with  sulphuric 
acid  to  drive  off  the  other  acids  and  precipitate  the  lead. 
The  filtrate  from  the  decomposition  was  made  up  to  a  volume  of 
500  c.c.  and  the  acidity  increased  to  about  five  percent. 
Hydrogen  sulphide  was  then  passed  through  'jntil  thR  precipita- 
tion was  oom-nlete.     ihe' preoipi tato  v/as  filtered  o■'*'^' ,  v;ached 
once  or  tv/ice  and  then  the  filter  eontaini'' '.r^;  "^he  precipitate 
returned  to  the  original  beaker.     This  was  boiled  with  dilute 
hydrochloric  acid  (ipart  of  concentrated  acid  to  4  of  water) 
which,  it  was  found,  dissolves  all  the  cadm.ium  sulphide  but 
leaves  a  large  part  if  not  all  of  the  copper  sulphide.  The 
clear  liquid  was  filtered  off  and  the  residue  washed  well  to 
remove  any  liquid  remaining  in  the  masserated  filter.-  To 
this  filtrate  about  5  c.c.  of  saturated  tartaric  acid  solution 
were  added  and  then  sodium  hydroxide  till  the  precipitate  set- 
tled out.     The  contents  of  the  beaker  were  boiled  for  a  few 
minutes  to  coagulate  all  the  precipitate  end  then  filtered  on 
a  force  filter,   (the  solution  formed  by  precipitation  with 
sodium  hydroxide  was  hard  to  filter  so  potassium  hydroxide  was 
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substituted  with  more  satisfactory  results). 

The  precipitate  was  washed  "by  decantation  several  tiroes, 
then  dissolved  in  a  few  drops  of  hydrochloric  acid  and  repre- 
cipitated  to  free  if  from  any  occluded  zinc  or  iron  salt. 
It  was  then  washed  on  the  filter  till  free  from  alkali  and 
sulphate.     The  filter  was  burned  in  a  weighed  crucible  and 
the  salt  weighed  as  cadmium  sulphate.     Care  must  be  taVien  in 
burning  the  sulphate  for  at  a  comparatively  low  temperature 
sulphur  dioxide  is  given  off  leaving  +he  oxide.     To  prevent 
this  a  largo  iron  crucible  with  an  asbestos  ring  fitted  inside 
to  hold  the  crucible  and  so  placed  as  to  support  the  crucible 
about  a  half  an  inch  from  the  bottom  of  the  iron  wps  used.  By 
this  means  a  more  uniform  and  easily  regulated  temperature 
was  obtained.     Three  samples  of  a  cadmium  solution  containing 
zinc  and  copper  were  run  according  to  the  .above  method  with 
the  following  results. 
0.2078  grams  cadmium. 
0.2072  grams  cadmium. 
0.2070  grams  cadmium. 

The  above  determination  by  weighing  as  cadmium  sulphate, 
while  quite  accurate,  was  somewhat  long  and  tedious  so  a  vol- 
umetric method  of  determining  the  csdmium  after  precipitation 
as  the  hydroxide  was  looked  for.     The  simplest  method  that  sug- 
gested itself  was  to  dissolve  the  hydroxide  in  standard  acid 
and  titrate  the  excess  with  standard  alkali.     This  was  tried 
on  a  solution  of  caflmium. 

Samples  of  25  c.c.  of  the  cadmium  solution  were  measured 
out  and  diluted  to  a  volume  of  200  c.c,  10  c.c,  of  a  1°^  zinc 
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solution  added  and  a  trace  of  copper.     The  sample  was  then 
treated  exactly  as  described  ahove  except  that  when  the  pre- 
cipitate was  entirely  free  from  alkali     it  was  dissolved  in 
25  c.c.  of  N/5  hydrochloric  acid.     The  excess  acid  was  then 
titrated  with  N/r>  sodium  hydroxide,  methyl  orange  being  used 
as  an  indicator.     The  following  results  were  obtained  as  com- 
pared to  the  theoretical  content  of  

0.2213  grams  cadmium. 

Experimental.  

0.2217  grams  cadmium. 
0.2211  grams  cadmium. 
0.2215  grams  cadmium. 

The  method  was  then  tried  on  a  sample  of  zinc  concentrate 
from  the  Joplin  district.     A  series  of  determinations  gave  the 
follovring  results. 
0.078  percent  of  cadmium. 
0.072  percent  of  cadmium. 
0.069  percent  of  cadmium. 
0.078  percent  of  cadmium. 
0.072  percent  of  cadmium. 
0.067  percent  of  cadmium. 


